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Resin compositeAbstract The purpose of this investigation was to determine the effect of bleaching agent (10%
carbamide peroxide) and antioxidant (10% sodium ascorbate) on the microtensile bond strength
(lTBS) of resin based composite to enamel. Sixteen extracted human molar teeth were divided into
three bleaching groups of 10% carbamide peroxide and an unbleached control group. The speci-
mens in group 1 were bonded immediately after bleaching; group 2 were treated with antioxidant;
group 3 were immersed for 3 h in distilled water, whereas the unbleached specimens in group 4 had
no treatment (control) before bonding. The enamel was etched using 36% phosphoric acid, and was
bonded to light polymerized resin composite. The tooth and resin composite assembly was sec-
tioned to produce specimen of 1.0 mm2 cross-section. Specimens were subjected to microtensile test-
ing and fractographic analysis using scanning electron microscopy. The data was analyzed using
one-way analysis of variance and Tukey–Kramer multiple comparisons test (P= 0.05). The spec-
imen bonded immediately after bleaching revealed signiﬁcantly lower lTBS (22.33 ± 8.46) com-
pared to those of the control group (30.77 ± 8.01). The bleached specimen treated with
antioxidant had lTBS (31.27 ± 6.92) similar to the control group. The majority of failures were
30 F.A. Vohra, K. Kasahat the adhesive interface, however the control group had greater cohesive failures. lTBS reduced
signiﬁcantly when resin based composite was bonded to prebleached enamel with carbamide perox-
ide (P< 0.001). Furthermore, application of antioxidant to bleached enamel restored the lTBS to
levels similar to unbleached enamel (P< 0.001).
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Vital tooth bleaching is a safe and well accepted procedure for
the treatment of surface and intrinsic staining of teeth.1 The
ﬁrst report of home whitening system was made by Haywood
and Heymann,2 utilizing carbamide peroxide as a patient-ap-
plied, home bleaching agent. Consequently, various whitening
systems have been developed using peroxide compounds of
various concentrations to bleach enamel.3,4
Carbamide peroxide dissociates into hydrogen peroxide
and urea. Hydrogen peroxide which diffuses through enamel
due to its low molecular weight, further degrades into water
and oxygen free radicals, interacting with colored organic mol-
ecules and stains. The free radicals oxidize these pigmented
macromolecules into smaller and lighter molecules. The whit-
ening effect is due to production of these shorter wavelength
compounds which are colorless or lighter in shade.5 The in-
crease in bleaching procedures led us to question the conse-
quences of such procedures on the tooth structure, dental
materials and resultant adhesive bond strength to bleached
tooth structures. Low molecular weight carbamide peroxide
retains in the bleached enamel6 and the residual oxygen free
radicals result in the incomplete polymerization of the adhe-
sive.7 Compromised bond strength between resin-based mate-
rials to bleached tooth structures has been documented in
many studies.8–12 Few strategies for eliminating the compro-
mised tooth- resin bond strength reported are, removal of
superﬁcial layer of enamel,13 treating the enamel with alco-
hol,14 use of adhesive containing organic solvents15 and delay-
ing the bonding procedures. However there is no consensus
among studies regarding the waiting period that is required be-
fore resin-enamel bond strengths return to values for
unbleached enamel. The waiting period has been reported to
vary from 24 h to four weeks.11,16–18
The oxidizing ability of bleaching agents is thought to com-
promise the tooth–resin bond, also hydroxyl radicals in the
apatite lattice are reportedly replaced by peroxide ions19,20 ren-
dering the surface unfavourable for bonding. Therefore the
process may be reversed and bond strength restored by the
application of a biocompatible anti-oxidant such as sodium
ascorbate (SA). Lai et al.8 reported that 10% sodium ascorbate
when applied for 3 h to enamel after bleaching with CP in-
creased the bond strength of resin based composite to enamel,
reversing the effect of bleaching.
Microtensile bond strength testing using non-trimming
method has been accepted as the gold standard for investigat-
ing integrity of an adhesive tooth-resin bond.21 Investigators in
previous reports have ground or sandblasted the surface enam-
el to create a more even or ﬂat bonding surface, however this
results in issues of depth of enamel reduction, differences in
surface and subsurface enamel and dentine encroachment.
To date there are limited microtensile bond strength studies
using non-trimmed specimens of composite bonded tobleached unground enamel surface. Therefore, the purpose
of this investigation was to determine the effect of bleaching
agent (10% carbamide peroxide) and antioxidant (10% so-
dium ascorbate) using a non-trimming specimen technique
on the microtensile bond strength (lTBS) of resin based com-
posite to unground enamel surface.
2. Materials and methods
Sixteen non carious freshly extracted third molar teeth were
cleaned of debris using pumice and rubber cup and stored in
0.2% thymol solution. The most ﬂat surface of each molar
was identiﬁed and the opposing parallel tooth surface was se-
cured to a ﬂat surface using composite resin which was light
cured. Teeth were transferred to a silicone mold
(20 · 20 mm2) with the cured composite sitting ﬂat at the bot-
tom of the mold. Teeth were then partially embedded in self
cure acrylic resin exposing only the ﬂat enamel surface for
bonding, following which they were stored in distilled water
for 24 h before the assigned treatments were performed. Teeth
were randomly divided into four groups, of which groups 1 to
3 were bleached using a 1 mm layer of 10% carbamide perox-
ide (CP) gel with potassium nitrate and ﬂuoride (Optident) for
8 h at 100% relative humidity. Post-bleaching, the teeth were
thoroughly rinsed with distilled water for 10 s. In group 1
(CP), prebleached teeth were immersed in distilled water for
10 min before bonding RBC to enamel. Prebleached teeth in
group 2 (CP + SA) were immersed in 10% sodium ascorbate
(SA) (anti-oxidant) (Sigma Aldrich) for 3 h, thoroughly rinsed
with distilled water for 20 s and immersed in distilled water for
10 min (to dissolve sodium ascorbate crystals) before bonding
to resin. Group 3 (CP + H2O) comprised of bleached teeth
which were immersed in distilled water (H2O) for 3 h. Four
teeth were left untreated to use as a control (Group 4). Subse-
quently resin based composite (RBC) was bonded to all the
teeth in the study.
Bonding process involved enamel surface etching with 36%
phosphoric acid (De Trey Conditioner 36, Dentsply) for 15 s
and then rinsing with tap water for 20 s. The enamel surface
was blot dried with an absorbent paper and a total-etch adhe-
sive (Prime & Bond NT, Dentsply) was applied as a single
layer, air dried lightly and light cured for 10 s. A cubic
build-up of RBC (Filtek Supreme, 3 M ESPE) was bonded
on the enamel surface in approximately 2 mm horizontal incre-
ments. Each increment was light cured for 20 s. The bonded
teeth were stored in distilled water at room temperature for
24 h before sectioning into bar specimens.
The teeth were partially embedded in a self cure acrylic re-
sin using a square silicone mold. The smoothed acrylic resin
and tooth-composite assembly was mounted on the isomet sec-
tioning machine (Isomet 1000). A slow speed diamond wheel
saw was used to section at a constant speed of 400 rpm at
200 g force. A total of 32 specimen sticks of 1 mm2 cross sec-
Table 1 Means and standard deviations of microtensile bond strengths of study groups.
Groups Control (Gp 4) CP (Gp1) CP + SA (Gp 2) CP + H2O (Gp 3)
lTBS 30.77 22.33 31.27 28.30
SD 8.01 8.46 6.92 10.35
N 32 32 32 32
SD: standard deviation, lTBS: microtensile bond strength, CP: carbamide peroxide, SA: sodium ascorbate, H2O: distilled water, N: number of
tested specimen.
Table 2 Results of one way ANOVA test for the experimental study groups.
Comparison Mean diﬀerence (MPa) q 95%CI P value
Gp 4 vs Gp 1 8.442 5.673 2.956–13.929 ***
P< 0.001
Gp 4 vs Gp 2 0.504 0.338 5.991–4.983 ns
P> 0.05
Gp 4 vs Gp 3 2.465 1.568 3.330–8.259 ns
P> 0.05
Gp 1 vs Gp 2 8.946 6.011 14.433–3.459 ***
P< 0.001
Gp 1 vs Gp 3 5.978 3.803 11.772–0.183 *
P< 0.05
Gp 2 vs Gp 3 2.969 1.889 2.826–8.763 ns
P> 0.05
Gp 4: Control, Gp 1: 8 h 10% carbamide peroxide bleaching, Gp 2: 8 h 10% carbamide peroxide bleaching + 3 h immersion in 10% sodium
ascorbate, Gp 3: 8 h 10% carbamide peroxide bleaching + 3 h immersion in distilled water.
ns = not signiﬁcant.
CI: conﬁdence interval.
*** Extremely signiﬁcant.
* Signiﬁcant.
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bar were randomly selected and stored for 24 h in distilled
water at 37 C. The specimens were attached to the tester jaws
using cyanoacrylate adhesive and loaded to failure under ten-
sion at a cross head speed of 0.5 mm/min using a microtensile
tester. Randomly selected four fractured pairs of each group
were further used for fractographic analysis using a scanning
electron microscope (SEM). The mounted and alcohol wiped
specimens were sputter coated with gold for 180 s at 40 mA,
creating a 30 nm thick layer. This was examined under differ-
ent standard magniﬁcations of SEM operated at 20 kV using
secondary electron detection, by a single operator. Failures
were divided into adhesive, cohesive in either substrate and
mixed. The means of microtensile bond strength (l-TBS) were
analyzed with one way analysis of variance (ANOVA) and Tu-
key–Kramer multiple comparison test.
3. Results
All the data passed the normality test using the Kolmogorov–
Smirnov analysis. The surface area of the bar specimens as re-
corded at the interface region was 1.0 mm2 (SD 0.165), without
any statistically signiﬁcant difference (P= 0.18). The means
and standard deviations of the different groups in the study
are mentioned in Table 1. One way analysis of variance
(P< 0.001) and Tukey’s test (P< 0.05) revealed highly signif-
icant differences between the mean bond strengths comparing
the different groups (Table 2). Eight hour carbamide peroxide
(CP) bleaching of enamel (Group 1) produced statisticallysigniﬁcant reduction in the microtensile bond strength (lTBS)
with RBC, compared to unbleached enamel specimen (Con-
trol, Gp 4). Specimens treated with antioxidant, sodium ascor-
bate (Gp 2) postbleaching revealed means of lTBS with RBC
to be not signiﬁcantly different from the control, and resulted
in restoration of bond strength values.
Analysis of fractured specimen was done using scanning
electron microscopy (SEM). Analysis displayed adhesive fail-
ures in 68.8% of group 1 (CP), 50% of group 2 (CP + SA)
and 44% of group 3 (CP + H2O) specimens. Whereas in the
control group, 43.8% of the specimens failed cohesively within
the tooth structure (enamel, dentine or enamel/dentine inter-
face) followed by a 37.5% failing at the adhesive interface.
4. Discussion
In the past, investigators have used ground ﬂat enamel surface
for bonding rather than the intact enamel surface used in the
present investigation. The amount and depth of enamel re-
moved during grinding procedure can be difﬁcult to standard-
ize as shape and curvature of individual teeth vary and may
well lead to dentine encroachment. Bar specimen from the
coronal 2/3rd of the enamel was subjected to microtensile test-
ing, as bond strengths of RBC to enamel from the occlusal
third are known to be signiﬁcantly higher than those made
to the cervical enamel.22
Eight hour bleaching of enamel using 10% carbamide per-
oxide demonstrated signiﬁcant (P< 0.001) reduction
(27.43%) in the mean lTBS of RBC to enamel
Figure 1 Fracture pattern of study group samples using scanning electron microscope (SEM). (I) Control group specimen showing
heterogenous surface consisting of aprismatic enamel, minimal amount of adhesive layer (A) and etched prismatic enamel pattern (B). (II)
Higher magniﬁcation image of area B of ﬁgure 1 (I) showing differential dissolution of prism cores and boundaries. (III) Bleached group
specimen showing layer of adhesive resin (A) due to adhesive failure resulting in fracture at the subsurface enamel interface (B). (IV)
Higher magniﬁcation image of area C of ﬁgure 1 (III) showing less pronounced dissolution of prism cores and boundaries.
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amel was consistent with the ﬁndings of many studies.5,11,12,23
Cavalli et al.,4 evaluated the effect of different concentrations
of carbamide peroxide (10%, 15%, 16% and 20%) on the
lTBS of RBC bonded to intact enamel following a 14 day
bleaching regime. The study resulted in approximately 20–
35% reduction in the ultimate tensile strength of enamel after
14 days of bleaching. More recently23 the effects of two week
treatment with 10% carbamide peroxide gel and 6% hydrogen
peroxide strips on intact and ground enamel were assessed.
They found that the bleach treated enamel produced signiﬁ-
cantly lower bond strengths than the control group, further-
more they found no signiﬁcant difference between intact
enamel and ground enamel. Enamel bleaching produces sur-
face porosities and morphological changes10 resulting in areas
of high stress concentrations under load application. This
weak enamel with decreased microhardness24 and low fracture
toughness undergoes premature fractures.8 Urea being a by-
product of the carbamide peroxide is also reported to denature
protein and result in degradation of intraprismatic enamel.25
The most common rationale for the decreased bond strength
of RBC to bleached enamel is the oxidative effect of hydrogen
peroxide leading to polymerization inhibition of the adhesive
resins.8,26 On the contrary, it has been suggested9 that hydro-
gen peroxide can help improve the conditioning of enamel sur-
face if remaining hydrogen peroxide had leached out of the
enamel i.e. delaying the bonding of RBC to bleached enamel.
Authors have recommended varying waiting periods prior to
bonding, for the completion of leaching process, ranging from
1 day to 3 weeks.10,14,26 In the present study, 10% sodium
ascorbate was able to re-establish the bond strength ofbleached enamel (31.27 ± 6.92 MPa) similar to that of the
control (30.77 ± 8.01 MPa) supporting the rationale suggested
by several authors5,8,22 that the oxidizing effect of hydrogen
peroxide is reversible via a short application of an anti-oxidant
therefore permitting immediate placement of resin materials.
Group 3 was included in the study in order to determine if
the reversal that took place was attributable purely to 10% so-
dium ascorbate or distilled water, the ingredient used to dis-
solve sodium ascorbate crystals. The result suggests that
distilled water has reversal potential although statistically not
as highly signiﬁcant as 10% sodium ascorbate. As a result this
proposed that the reversal effect of 10% sodium ascorbate may
not be as effective as initially thought and that copious rinsing
of bleached teeth with distilled water may be sufﬁcient to leach
remaining hydrogen peroxide out of the enamel.
Fractographic analysis displayed adhesive failures as the
dominant mode of failure in specimen of groups 1 (CP), 2
(CP + SA) and 3 (CP + H2O). Whereas most of the specimen
in the control group (43.8%) failed cohesively within the tooth
structure (enamel, dentine or enamel/dentine interface). Caval-
li et al.4 analyzed the fracture modes of unbleached and
bleached specimens under SEM and found that the unbleached
enamel showed a typical transverse fracture pattern identiﬁed
as compact cone-like protruding prisms with no clear porosity,
whereas the bleached enamel showed evidence of altered prism
structure with apparent preference for dissolution of the prism
boundaries and the interprismatic substance. They concluded
that upon fracture of the bleached enamel, the prisms become
dislodged in a cone-like shape leaving fractured ends that have
a porous appearance. The typical transverse fracture pattern
was identiﬁed in the specimen of the control group in the
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was not seen in the bleached enamel due to the presence of in-
tact aprismatic enamel and adhesive layer overlying the enamel
surface (Fig 1III and IV). This may also explain why the
unbleached enamel group failed mostly cohesively in tooth
due to better micromechanical bond strengths between the re-
sin and the enamel.
The present study conﬁrmed that bleaching procedure
using 10% carbamide peroxide signiﬁcantly reduced the lTBS
of RBC to enamel. Application of 10% sodium ascorbate sig-
niﬁcantly improved the lTBS and hence, can be practiced in
the dental surgery if RBC restoration needs to be performed
immediately postbleaching. This also eliminates the uncer-
tainty regarding a suitable waiting time post bleaching in order
to achieve good bond strengths of RBC to bleached enamel.
Application of 10% sodium ascorbate for 3 h in this study
was performed to maximize the reducing effect of the agent.
A Study by Gokce et al.27 has demonstrated that application
of the agent for 10 min was sufﬁcient to obtain a reversal ef-
fect. However further work is required to identify the shortest
effective reversal time using sodium ascorbate as well as to
identify the difference between using sodium ascorbate com-
pared to simply washing with water.
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